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A B S T R A C T
The present article highlights failure investigation of the pulleys during a press-ﬁt
assembling process. Pulleys are used to transmit power between rotational mechanical
elements. Failure analysis was performed by metallographic evaluation using light
microscopy, SEM and EDX, and chemical analyses. It was found that cooperative inﬂuence
of higher carbon content with combination of elongated sulphides is reason for pulleys
cracking. Steel cleanliness and homogeneous structure is an important factor for users of
steel. The success of production process is connected with the optimal quality of steel.
 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).1. Introduction
The press-ﬁt process is used to assemble pieces in mechanical systems. Defects may be produced during the processing,
fabrication and use of metals in service. Some of these defects result from complex metallurgical, chemical and physical
reactions that metals undergo during these processing operations. Many publications deal with the difﬁculty of damage
during manufacturing or service processes [1,2]. Consequently, the analyses of the damaged parts aimed to establish the
technical facts surrounding the failure are carried out. It is therefore necessary to carry out experiments to understand this
complicated behaviour.
One of the ways to investigate the effect of microstructure and inclusions on damaged materials is to prepare test
specimens containing non-metallic inclusions whose shape, size, location, and chemical composition are metallurgically
controlled. However, this is found to be difﬁcult [3,4]. Problems of non-metallic inclusions have attracted great attention of
both producers and users of steel [5]. These inclusions can reduce the toughness, ductility and fatigue strength
[6,7]. Inclusions are major contributors to mechanical anisotropy in steels. It is not practically possible or commercially
feasible to always avoid these defects. The pulleys were installed on the shafts to transmit power between rotational
mechanical elements in continual assembling process. Due to the large number of collapsed pulleys produced it was
essential to ﬁnd the reason for material cracking. This article focuses on determination of the cause of failure using
metallographic examination by light microscopy, SEM and EDX analyses and chemical evaluation.* Corresponding author at: Technical University of Kosˇice, Faculty of Mechanical Engineering, Ma¨siarska 74, Kosˇice, Slovak Republic. Tel.: +421 602 3516.
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Fig. 2. Pulley (a) the cracks initiation area and (b) detailed view on the network of cracks.
Fig. 1. (a) Assembled pulley on shaft and (b) fracture of pulley.
Fig. 3. Microstructure of cross section of material 2 (a) unetched and (b) etched.
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Fig. 4. (a) Non uniform distribution of pearlite and inclusions and (b) cracks propagation and MnS inclusions along the grain boundaries.
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The chemical composition of the original pulley material was as follows: C = 0.07%; Si = 0.03%; Mn = 1.41%, S = 0.33%;
Pb = 0.23%; and mechanical properties: yield strength Re = 544 MPa, tensile strength Rm = 570 MPa and elongation A = 12%
[8].
The fracture of pulleys occurred during press-ﬁt process on the shaft (Fig. 1a) and was observed in the radial and
longitudinal directions (see arrows in Fig. 1b).
Evaluation of collapsed pulleys was carried out by metallographical study with light microscope Zeiss Jena Neophot
21. Electron microscopic investigations were performed on the JEOL JSM-7000F scanning microscope (producer JEOL), and
EDX analysis by the INCAx-sight EDX analyzer from ﬁrm Oxford Instruments.
3. Results and discussion
3.1. Fractographic observation
The analyses were carried out on 10 pieces of investigated pulleys. It was observed that microcracks initiation started
from the inside area of pulley (Fig. 2a). Detailed view on cracks network is shown in Fig. 2b. Reason of cracks initiation can be
connected with presence of defects. Observed orientation of craks indicated slaty and woody character of fractures. To
determine the reason of pulleys damage another analytical methods were used.
3.2. Microstructure characteristics
The microstructure analyses were carried out on specimens after decoupling the pulley from the shaft (Fig. 3a and b). The
samples were taken from different locations of the pulley. Microscopic examination after etching (Nital 5%) revealed
evidence of location of banded microstructure (Fig. 3b).Fig. 5. The crack zone.
Fig. 6. View on large amount of elongated sulphides.
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Fig. 4b shows the crack initiation region where cooperative behaviour of defects and inclusions in material has been
observed.
Due to the presence of inclusions at grain boundaries these inclusions act as stress concentrators, affects the strength of
the steel. When the number of inclusions increases, the work of crack nucleation is reduced. Elongated MnS inclusions can
have considerable adverse effects on mechanical properties [9,10].
3.3. SEM/EDS analysis
Evaluation of the fracture surface under scanning electron microscope revealed a rough appearance. Fig. 5 is SEM image of the
opened crack surface in critical area. Elongated inclusions in steel and their amount promote its susceptibility to cracking (Fig. 6).Fig. 7. Elongated MnS inclusions at the surface failure.
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the fact that their adhesion to the matrix is usually not perfect.
Veriﬁcation of chemical composition of broken pulleys was carried out for determination the contents of carbon and
sulphur. The samples for chemical analyses were collected from the pulleys in the form of chips. The contents of carbon and
sulphur S were determined by gas method (according to Slovak Standards). The results referred about the higher amount of
C = 0.16%, and S = 0. 40% compare to original pulley material (C = 0.07%; S = 0.330%) [8]. The increased carbon content
(pearlite) unfavourably affects the toughness and plasticity of steel what can led to cracking [11,12]. Obtained results
conﬁrmed negative inﬂuence of increased carbon content on toughness and plasticity of material of pulleys. Dense and
elongated arrays of dimples manifest the presence of banded microstructure and the accumulation of elongated inclusions,
which restrict the extent of the allowed accommodated plasticity leading to unexpected overload failure.
4. Conclusion
The analyses of collapsed pulleys brought knowledge to determination of causes of fracture. Based on the ﬁndings can be
state: Non-metallic inclusions result in decrease of plasticity and toughness of steel.
 Cooperative inﬂuence of higher carbon content and combination of elongated sulphides is reason for pulleys cracking
under press-ﬁt assembling process.
Steel cleanliness and homogeneous structure is an important factor for users of steel. The success of production process is
connected with the optimal quality of steel.
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